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ABSTRACT 
The pH 4. 4 supernatant from raw ( unheated} soybean meal was 
separated into 5 fracti.ons on a Sephadex G-25 column in efforts to 
isolate the animal growth inhibitors present . in soy:Oeans. Each fraction 
was added to the diet of growing mice and growth inhibition (GI) 
activity was determined by comparing their_ growth rates to g1"'owth rates 
achieved on an auto?laved soybean meal diet. Fractions I and II each 
contained about 50% of the GI activity, with a trace in fraction III 
and none in fractions IV and V. Only fraction I contained trypsin 
inhibitor and caused pancreatic enlargement. Fraction I was further 
separated into 2 fractions (Ia and Ib) on a Sephadex G-50 column. · 
Fraction Ib contained trypsin inhibitor and caused pancreatic enlarge-
ment. Both fractions Ia and Ib contained GI activity, with most of the 
GI activity present in Ib. Fraction II was further separated into 2 
fractions (IIa and IIb) on a phosphocellulose column eluted with a KCl 
gradient. Most of the GI activity was present in fraction IIb. Amino 
acid analysis of G-25 - II indicated all amino acids present, with the 
sulfur-containing amino acids, methionine and half cystine, present in 
only very small amounts. 
INTRODUCTION 
Demand for plant proteins in human and· animal foods is increasing 
because supplies of animal proteins are limited and are more expensive • 
. The increased use of plant proteins in milk replacers for dairy calves 
would be advantageous economically. Soybeans provide a high quality 
protein for this use; however, they also contain £actors which inhibit 
animal growth and ~ause pancreatic enlargement. These factors are 
heat labile and do not present a problem if the soybeans are toasted 
by the usual methods for preparing soybean meal. However, such heat 
treatment alters the protein and causes a decrease in its solubility, 
which is undesirable in milk -replacers and in many food products · 
where soy protein concentrates can be used. 
The antinutritional factors in soybeans are present in the 
soybean whey fraction, which is a by-product of soy protein processing. 
This fraction, which is discarded during processing, contains 20% of 
the total solids and 10% of the total soy protein. Recent research 
has shown that at least two growth inhibitor fractions can be isolated 
from soybean whey. One of these growth inhibitor fractions causes 
pancreas enlargement, whereas the other inhibitor fraction, which is 
of smaller molecular weight does not cause pancreas enlargement. The 
purpose of this research was to further characterize these two growth 
fractions. 
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LITERATURE REVIEW 
Osborne and Mendel (51) were the first ·to observe that cooked 
soybeans improved growth in rats compared to raw soybeans. The 
·explanation for this fact is yet unclear. As one reviewer (2) stated, 
"' "in·spite of the many experimental approaches with a wide variety of 
animal subjects, it appears that the considerable research effort has 
done more to demonstrate the complexity of the pr?blem than to 
elucidate the mechanisms involved." Implications for the growth 
inhibition in raw soybeans involves many factors, and these will be 
discussed in the followfng pages. 
Trypsin Inhibitors 
The finding of a trypsin inhibitor by Ham and Sandstedt (26) 
offered a probable explanation for the growth depression found in raw 
soybeans. The trypsin inhibitor activity was destroyed by autoclaving 
(26, 70). This idea was supported when crude trypsin inhibitor was 
added to heated soybean meal diets, which resulted in reduced growth 
of rats (34) and chick~ (27). These early results have caused trypsin 
inhibitors to receive the most attention in attempts to define the 
cause of growth depression by raw soybeans. 
Kunitz (36) first crystallized a globulin protein from raw 
soybeans which immediately formed an irreversible stoichiometric 
compound with trypsin (24, 40, 61). This inhibitor is the one 
generally available commercially (36). The intact inhibitor is 
slowly digested by pepsin (32); however, when denatured it can be 
readily digested by pepsin (37). To date nine trypsin inhibitors have 
been isolated from soybeans (45). These inhibitors vary in size, 
from 8,000 (20) to 24,000 (37) molecular weight and in other physical 
and chemical properties (71). 
Borchers and Ackerson (12) and Brambila et al. (13) suggested 
that the growth depression associated with trypsin inhibitor could be 
overcome by adding trypsin to diets and thus tie up the soybean 
3 
trypsin inhibitor. The addition of trypsin to raw soybean meal (RSBM) 
fed to rats (12) and chicks (13) failed to remove the growth-depressing 
properties of RSBM. 
When crystalline soybean trypsin inhibitors were added to 
chick (21, 23) and rat (23, 25) diets, depressed growth occurred but 
not to the extent found when RSBM was fed. The addition of a potent 
trypsin inhibitor, p-aminobenzamidine, to the drinking water of rats 
caused growth depression, but reduced food intake probably caused mo5t 
of the growth depression (22). Garlich and Nesheim (21) separated the 
soybean whey (water and acid soluble) into two parts, one fraction 
high in trypsin inhibitor activity and the other high in hemag-
glutinating activity. _ The combination of these two fractions 
inhibited chick growth rates to a greater extent than either fraction 
alone. The soybean whey fraction contains trypsin inhibitors, hemag-
glutinins and unidentified components (18, 54, 55, 58, 66). 
Schingoethe et al. (58) using a Sephadex G-50 column and Tidemann (66) 
using a Sephadex G-25 column, separated a small molecular weight (MW) 
growth inhibitor (about 1200 MW) from trypsin inhibitors. This small 
molecular weight growth inhibitor caused half the growth inhibition 
• \ 
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attributed to the soybean whey fraction, but did not cause the pancreas 
enlargement often associated with feeding trypsin inhibitors. 
It has been hypothesized that interference of enzyme digestion 
in the small intestine caused by feeding RSBM was responsible for the 
growth depression. Such growth depression would be due to the amino 
acid deficiency caused by l) reduced digestibility of dietary proteins 
and/or 2) increased protein requirements caused by increased secretion 
of pancreatic enzymes. Since methionine is the most limiting amino 
acid in RSBM (63), and since trypsin is high in cystine (5), which is 
usually synthesized froTil methionine, many (4, 10, 11, 12) felt that 
they could improve growth rates on RSBM diets by supplementing the 
diets with sulfur containing amino acids. Methionine supplementation 
to RSBM diets never produced growth rates equal to those achieved on 
heated soybean meal diets ( 5, 11). ·when Hill et al. ( 28) supplemented, 
11 amino acids required by chicks to a RSBM diet no improvement in 
growth rates was achieved. Replacement of the RSBM with heated soybean 
meal resulted in substantially increased weight gains. Borchers (10) 
found ·that supplementation of amino acids to RSBM could alleviate the 
growth depression, but later concluded that amino acid supplementation 
could produce only 75% of the growth rate of rats fed heated soybean 
meal diets (11). The addition of amino acids to the diet should have 
compensated for all the growth depression if trypsin inhibitors were 
the sole cause of growth depression. 
The compensatory capacity of the animal also indicates trypsin 
inhibition is not the only growth depressant factor in raw soybeans. 
When the soybean trypsin inhibitor tied up more than half of the 
trypsin in the intestinal tract, the pancreas was able to secrete 
sufficient amounts of extra enzymes. Even with 95% of the pancreas 
removed, _there was no reduction · in nitrogen digestion and absorption 
in rats as measured by fecal excretion (60). Protein digestion was 
only reduced when 99. 5% of the pancreas was removed ·. 
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Studies with germinated soybeans give additional evidence that 
-trypsin inhibitor is not the only growth depressing factor. Germinated 
soybeans had a protein efficiency ratio almost equal to that of heated 
meal (19), but much higher than raw soybeans. This occurred even 
though the trypsin inhibitor concentrations remained the same as in 
the raw soybeans (17). 
HE?magglutinins 
The hemagglutinins in raw soybeans have also been implicated as a 
growth inhibitor. The presence of hemagglutinating agents in plaLltS 
was recognized in the 1880's (44). Several studies showed that extracts 
from various seeds agglutinate red blood cells from some animal species 
but not the cells from other species (6, 39, 47). 
Liener et al. (46) had difficulty correlating growth inhibition 
and trypsin inhibitor activity when feeding a diet containing a protein 
hydrolyzate along with an antitryptic factor. In efforts to find a 
growth inhibitor having no trypsin inhibitor activity, Liener and 
Pallansch (47) isolated a homogeneous protein high in hemagglutinin 
activity. Further purification indicated it had a molacular weight 
of 96,000 and contained 6-10% glucosamine (67). 
· Hema·gglutinins do not appear to be closely associated with · 
the growth inhibiting properties of soybeans._ Intraperi toneal 
injections of hemagglutinin preparations were lethal to young rats 
(42, 64). However, physiologically this information is questionable 
because ·hemagglutinins are readily inactivated by peptic digestion 
when as few as 12% of the peptide bonds are split (43, 9). This 
should result in complete or almost complete inactivation prior to 
entering the small .intestine. It is also unlikely that an intact 
protein of 96,000 molecular weight, even if it survived gastric 
digestion, could be absorbed from the gut. Wada et al. (67) found 
that as they increased the hemagglutinin activity during the 
purification procedure there was only a slight increase in toxicity. 
They also found that hemagglutinin decreased rat growth 25% below the 
control group with essentially all of this decrease being attributed 
to decreased feed intake. When the hemagglutinin containing fraction 
of soybean whey was separated from trypsin inhibitors and small 
molecular weight growth inhibitors by ion exclusion chromatography, 
very little growth inhibitor activity was found in the hemagglutinin 
fraction ( 58). 
Saponins 
Saponins are glycosides that occur in soybeans to the extent 
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of 0.5%. Saponins are insoluble in hexane, because of their polarity, 
and remain in the defatted meal. Five separate saponins have been 
identified, which have varying degrees of hemolytic activity. They 
are characterized by their bitter taste, foaming in aqueous solutions, 
and hemolyzing red blood cells (7). High levels of soybean saponins 
also inhibit the proteolytic activities of trypsin and chymotrypsin 
(30). Saponins probably have little or no growth inhibitor activity 
for several reasons. 1) The trypsin inhibitor and chymotrypsin 
inhibitor activities were attributed to a nonspecific reaction with 
proteins, and thus this inhibitor activity is counteracted by dietary 
proteins (30). 2) Saponins have not been found in the bloodstreams 
of mice and chicks 6n soy protein diets (7). 3) The heat treatment 
necessary to produce optimum nutritional value of soybean meal had 
7 
no effect on the hemolytic activity of soybeans (8). The lipid and 
protein constituents of the plasma, and to a certain extent soy 
proteins are able to protect red blood cells and inhibit the hemolytic 
activity of saponins (7). 
Pancreatic Enlargement 
Feeding RSBM or its fractions invariably caused pancreas 
enlargement in chicks (14, 50, 57), rats (48, 52), and mice (58, 66) 
along with growth depression. Chernick et al. (14) found that the 
pancreases of chicks fed RSBM had enlarged, and suggested this was 
caused by the increased demand for trypsin which was met by increased 
secretion by the pancreas. There was an increased size of the organ 
along with increased total activity. The overall concentration of 
the proteolytic enzymes in the pancreases of chicks fed raw soybean 
diets was increased. 
There is an indication that the pancreatic enlargement may be 
associated with soybean hulls (62), the levels of fat in the diet (49), 
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and also trypsin inhibitors (48, 53). The pancreas enlargement 
produced by feeding raw soybeans has been suggested to be associated 
with growth depression, however, there is no definite evidence of the 
cause and effect. Kakade et al. (31) tested 104 varieties of soybeans 
and found a negative correlation (r = -.77) between pancreas size and 
protein efficiency when feeding raw soybean diets to rats. Schingoethe 
and Thomas (59), when feeding rats diets containing soybean trypsin 
inhibitors, found growth depression with only 2 of the 4 diets 
although all 4 diets caused pancreatic enlargement. Soybean hulls 
added to a purified ration caused pancreatic enlargement with no 
growth depression (62). A growth inhibitor has been separated from 
soybeans that did not cause pancreas enlargement (58, 66). 
Loss of Endogenous Nit~ogen 
Lyman and Lepkovsky (48) suggested a large loss of endogenous 
nitrogen could occur because of increased enzyme production in animals 
fed a raw soybean diet. The loss of nitrogen via this route might 
increase the animal's dietary protein requirements which in turn would 
account for some of the growth-inhibiting properties of raw soybeans. 
This hypothesis was substantiated when rats fed heated soybean meal 
had lower proteolytic activity in their feces than rats fed unheated 
meal (41). Others (16, 25, 33, 59) found increased proteolytic 
activity and increased trichloracetic acid-insoluble protein in the 
intestinal contents of rats fed RSBM or diets containing soybean 
trypsin inhibitors. Almquist and Menitt (1) suggested that the 
liberation of all amino acids was retarded by trypsin inhibitors. 
Kwong et al. (38) reasoned that if fecal loss is to explain 
low nutritive quality, there would have to be a decreased percentage 
of nitrogen absorbed as the level of unheated soy flakes in the diet 
increases. They found no decrease in the percentage of nitrogen 
absorbed in rats fed a diet of unheated flakes starting at 25% and 
increasing to 75% of the total diet. Schingoethe and Thomas (59) 
observed that despite the increased intestinal proteolysis on four 
trypsin inhibitor-containing diets, rat growth rates were reduced on 
only two of the diets. 
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MATERIALS AND METHODS 
Preparation of Soybean Meal Fractions 
Raw soybean meal ,.(RSBM) was prepared by grinding and hexane 
extracting soybeans (Corsoy variety) as described by Schingoethe et al. 
(58), using a Wiley Mill equipped with a 2 mm screen. Heated raw 
soybean meal (HRSBM) was prepared by a slight modification of the 
procedure of Renner and Hill (56). RSBM was auto9laved at 110 C 
(6.8 kg steam pressure) for 15 minutes. After auto.claving, the meal 
was dried at room temperature and ground through a 1 mm screen. 
One hundred grams of RSBM were extracted with 1 liter of glass 
distilled water (dH20) for 2 hours at room temperature. The RSBM ·was 
slowly agitated with a magnetic stirrer during ext~action, and th~n 
centrifuged for 10 minutes at 4000 x G and O C. After removing the 
supernatant, the precipitate was re-extracted with 500 ml of dH 20 for 
1 hour and centrifuged as above. The resulting supernatants were 
combined, acidified to pH 4.4 with 6N HCl, centrifuged, and the 
supernatant (pH 4.4-S) was lyophilized1 to dryness and then stored 
for later use. 
Separation into various fractions is outlined in Figure 1. 
Methods are described below. 
Chromatography on Sephadex G-25 
Loyphilized pH 4.4-S (2.25 g) was redissolved in 75 ml of dH2o, 
1virtis Research Equipment, New York. 
.J, 
DEFATTED RAW 
SOYBEAN MEAL 
I 
H2o extraction 
SUPERNATANT 
I 
acidif" with 6 N HCL , I -
l 
pH 4.4 SUPERNATANT 
. I 
Sephadex G-25 column, 
H2 o 
GROUND I SOYBE_ANS 
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I 
H20 
ACID 
I I I I 
I ][ 
I 
llI 
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:Ca :Ib I 
I i 
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Figure 1. Fractionation of raw soybean meal. 
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applied to a Sephadex G-25 column (5. 7 x 107 cm), and eluted with 
dH20 at a flow rate of · 23 ml/min. Effluent was monitored at 280 nm 
using a . Coleman 124 recording spectropho.tometer. The effluent was 
separated into 5 fractions on the basis o~ protein as indicated by 
A2aonm (69), but only fractions I and i_I were collected and saved for 
further analysis in this experiment. These fractions contained the 
growth inhibitors which were being purified (66). The effluent was 
collected in 23 ml ·aliquots and every other tube assayed for trypsin 
inhibitor activity (29), protein (68, 69) and carbohydrate concentration 
(3). Fractions I and II were lyophilized and stored for · later use. 
Chromatography on Sephadex G-50 
Lyophilized fraction I (0.5 g) from Sephadex G-25 was redissolved 
in 75 ml of dH20. The fraction I solution was applied to a 4 x 114 cm 
Sephadex G-50 column and eluted with dH2o at a flow rate of 17 ml per 
minute. The eluate was monitored with a recording spectrophotometer 
at 280 nm, and separated into 2 fractions (Ia and Ib) on the basis of 
A2aonm· Each fraction was lyophilized. 
Chromatography on Phosphocellulose 
Phosphocellulosel was washed with 500 ml of 0.5 M NaOH and 
0.5_ M HCl, and then with 1000 ml of dH20 as performed by Chin and Wold 
(15). After washing the column, 1.0 g of Sephadex G-25 fraction II 
material was dissolved in 100 ml of dH20, and applied to the 4 x 54 cm 
column. Fraction II material was eluted with 400 ml of dH20 followed 
lcoarse mesh; capacity, 0.91 meq/gm, Sigma Chemical Co., St. Louis. 
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by a KCl gradient. Three hundred ml each of • 4, .11, • 21, and . 5 M KCl 
were consecutively eluted through the column to achieve the KCl 
gradient. The flow rate was 2 ml per minute and 15 ml aliquots of 
eluate were collected." The eluate was monitored for peptide absorption 
at 215 nm using a recording spectrophotometer. Two fractions (IIa and 
IIb) were lyophilized and .stored for later use. 
Desalting on Bio-Gel P-2 
The lyophilized fractions (IIa and IIb) from the phosphocellulose 
colunm were each dissolved in 10 ml of 0.05 N NH40H and subjected to 
Bio-Gel P-21 filtration on a 2.2 x 28 cm glass column with a sintered 
glass filter. The flow rate was 2 ml per minute and the eluting buffer 
was 0.05 N NH40H. The peptide peak as detected by absorbance at 215 nm 
was lyophilized several times to remove annnonia. 
Amino Acid Analysis 
One hundred mg each of fractions II, IIa, and IIb were dissolved 
in 40 ml of 1:1 (6 N HCl:dH20). Each sample was heated at 100 C for 24 
hours for hydrolysis. The hydrolyzate was filtered with glass fiber 
filters 2 and dried under water aspirator vacuum on a rotary evaporator 
at 65 C. Analysis was carried out on a Beckman-Spinco amino acid 
analyzer after hydrolysis. 
Growth Assay Procedure 
The test diet composition is shown in Table 1. The soybean meal 
1200-400 Mesh, Bio-Rad Laboratories, Richmond, California. 
2Reeve Angel, Clifton, New Jersey. 
282594 
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Table 1. Composition of diets fed to mice 
Ingredient Amount 
g 
Salt mixl 4.0 
Vitamin mix2 
Corn oil 
a - Cellulose3 
Glucose 4 
HRSBM5 , 6 
Soybean meal test fraction6 
2.2 
5.0 
1.5 
37.3 
50-X 
.. . . X 
100.0 
lwesson modification of Osborne-Mendel Formula, 
Nutritional Biochemicals Ccrporation, Cleveland, 
Ohio. 
2vitamin diet fortification mixture, Nutritional 
Biochemicals Corporation, Cleveland, Ohio. 
3Nutritional Biochemicals Corporation, Cleveland, 
Ohio. 
4Dextrose, J. T. Baker Chemical Corporation, 
Phillipsburg, New Jersey. 
5soybean meal is HRSBM in all cases except for 
raw soybean meal fraction. 
6soybean meal fractions replaced part of the 
HRSBM. 
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was HRSBM. Part of the HRSBM was -replaced in the diet by one of the 
various test fractions. The test fractions were added· to the diets in 
amounts equivalent to the quantity recovered from 50 g of RS-BM. One 
exception was the½ HRSBM - ½ RSBM diet. 
Weanling mice (21 days old) were used as the test animal since 
mice (58) gave a similar response to that of weanling rats but required 
less feed. Assays were run for . 5 days. Eight male mice were randomly 
assigned to each die~ and divided into 2 groups, four mice in each 
wire meshed cage. On the fifth day mice were sacrificed· and pancreases 
removed and weighed. Feed intake for each treatment subgroup was 
determined by weighing the feed fed and substracting the estimated feed 
in the feeders at termination of the assay. A positive control (HRSBM) 
and two negative controls(½ HRSBM - ½ RSBM and pH 4.4-S) were fed 
during each mouse growth assay. 
Growth inhibitor (GI) activity was calculated by the following 
modified formulas (58): 
l} Total GI activity (units)= 
(wt gain HRSBM - wt gain test) (feed intake test) 
100 X 
(wt gain HRSBM) (feed intake HRSBM) 
2) Specific GI activity (units/g) = 
Total GI activity X 1 
xg test consumed 
One unit of GI activity equals 1% reduction in growth rate 
compared to the positive control. Specific GI activity takes into 
account the amount of test fraction in the diet. 
' 
Statistical Analysis 
The data from each mouse growth assay were analyzed according 
to the procedures of Steel and Torrie (65). Duncan's new multiple 
range test (65) was used to statistically compare the various 
treatment means. 
16 
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RESULTS ·AND DISCUSSION 
Separation on Sephadex G-25 Column 
Figure ·2 illustrates the elution pattern of the pH 4.4-S on the 
Sep~adex G-25 column. The column was monitored at 280 nm since protein 
concentrations were found t~ be proportional to protein values calculated 
· by the methods of Waddell (68) and Warburg and Christian (69). On the 
·basis of the scan at 280 nm, the effluent was ·divided into 5 fractions 
and designated as fractions I, II, III, IV, V, respectively. Tidemann 
(66) found that total growth inhibitor (GI) activity was divided between 
fractions I and II, with fraction II containing slightly more than half 
of the total GI activity. The ~esults reported in Table 2 confirm 
Tidemann's results, although the results of mouse growth assay No. 2 
(Table 3) indicated slightly more GI activity in G-25 - I than in 
G-25 - II (N.S.). Growth rates of mice fed G-25 - I were significantly, 
less (P<0.05) than of those fed HRSBM. Results of mouse assay No. 2 
also confirmed the pancreas enlargement observed by Tidemann in G-25 - I 
and no pancreas enlargement in G-25 - II (Table 3). 
Since autoclaving RSBM improved growth rates when fed to mice, it 
was thought that autoclaving fractions of RSBM should also increase 
growth rates of mice fed these fractions. This assumes that growth 
inhibition in these fractions is due to the same heat labile growth 
inhibitor(s) destroyed by autoclaving RSBM • . Autoclaving pH 4.4-S and 
. G-25 - II did not increase weight gains of mice, but gr~wth response 
may have been unrelated to the presence or absence of heat labile 
growth inhibitors. Mice on both of these autoclaved diets had diarrhea 
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Table 2. Individual weight gains, pancreas size, feed intake and 
quantity of test fraction in various diets fed to mice. 
(Mouse growth assay No. 1. Diets fed for five· days.) 
Test fraction! Weight Pancreas size Feed Test 
gain -intake fraction 
in diet2 
19 
(g/day) (g) (% body wt) (g/day){g/100 g diet) 
f, 
HRSBM 1.02a,3 0.09 o.ssc 3.8 50.0 
.½ HRSBM - ½ RSBM4 0.31C 0.12 o.73ab 2.7 25.0 
pH 4.4-S o.sgb 0.10 0.6aabc 3.3 10.0 
Autoclaved pH 4.4--S o.s4b 0.09 o.sabc 3.9 10.0 
G-25 - I o.14ab 0.10 0.53C 3.6 1._5 
G-50 - Ia o.a3ab 0.08 0.54C 3.5 o. 4. 
G-50 - Ib o.s1b 0.11 o.s2a 2.·4 1.0 
G-25 II o.11ab 0.14 o. 50b 3.9 2.0 
Autoclaved G-25 - II 0.73ab 0.11 0.6aabc 2.8 2.0 
SEM 5 0.12 0.04 
lAll diets contain 50% autoclaved soybean meal (HRSBM); soybean 
test fractions replaced part of the HRSBM. 
2Test fraction is equivalent to the quantity recovered from 50 g 
RSBM except for HRSBM, ½ HRSBM - ½ RSBM. 
3rigures in the same column followed by the same letter are not 
significantly different (P>0.05) using Duncan's new multiple 
range test (65) • 
. 4one-half of the soybean meal source in this diet was raw 
(unheated) soybean meal (RSBM) and one-half HRSBM. 
5standard error of mean. 
Table 3. Individual weight gains, pancreas size, feed intake, and 
quantity of test fraction in various diets fed to mice. 
(Mouse growth assay No. 2. Diets fed for five days.) 
Test fractionl Weight Pancreas size Feed Test 
20 
·. gain intake - fraction 
in .diet2 
(g/day) (g) (% body wt) (g/day)(g/100 g diet) 
HRSBM 1. 03a ,3 0.09 0.49d 3.9 50.0 
.½ HRSBM - ½ RSBM4 0.35b 0.13 0.82a 2.6 25.0 
pH 4. ·4-S -o.33b 0.12 o.1sab 2.76 10.0 
G-25 - I 0.47b 0.12 o.1aab 2.6 1.7 
G-50 - Ia o.12ab 0.10 O. 55bc 3.2 0.4 
G-50 - Ib 0.6sab 0.12 0.7oabc 2.8 1.1 
Soybean trypsi~ 
0.66ab · 0.6sabc inhibitor sx::> 0.11 3.0 0.45 
G- 25 - II 0.78ab 0.10 o.5acd 3.9 2.6 
Phosphocellulose-IIa o.14ab 0.09 o.s7cd 3.4 1.7 
Phosphocellulose-IIb 0.37b 0.10 0.56cd 3.3 1.0 
SEM5 0.14 0.05 
1 , 2 , 3 , 4see footnotes 1, 2, and 3, 4, table 2. 
5Nutritional Biochemicals Corporation, Cleveland, Ohio. 
6see footnote 5, table 2. 
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after three days. The color of pH . 4.4-S (yellow) and G-25 - II (white) 
changed to dark brown with a molasses texture. The reaction of these 
RSBM fraGtions to autoclaving is apparently much different in the 
absence of the rest of the RSBM than in the presence of other soybean 
components. Therefore, treatment by some method other than autoclaving 
appears necessary to destroy GI activity of RSBM fractions without, 
_ causing undesirable alterations in the fractions. 
Separation on Sephadex G-50 Column 
A Sephadex G-50 column was used to separate large proteins (Ia) 
from those proteins approximately the size of trypsin inhibitors (<30,000 
MW). Fractions G-50 - Ia and G-50 - Ib should be comparable to G-50 
fractions land 2 described by Schingoethe et al. (58). Fraction 
G-50 - Ib contained trypsin inhibitor (TI) while G-50 - Ia did not, thus 
agreeing with their results. TI analysis of fractions G-50 - Ia and Ib 
(Table 4) confirmed that no TI activity was present in G-50 - Ia, while 
G-50 - Ib contained 233 units/mg, about the same specific activity as 
commercially available soybean trypsin inhibitor (SBTI). 
It is apparent from -Figure 3 that other proteins in addition to 
trypsin inhibitors are also present in G-50 - Ib. More GI activity was 
present in the G-50 - Ib fraction than G-50 - Ia (Tables 2, 3 and 5) 
with growth rates on G-50 - Ib being significantly less (P<0.05) than on 
HRSBM in mouse assay No. 1. The very small amount of GI activity in 
fraction G-50 - Ia agreed with Schingoethe et al. (58) since they found 
little or no GI in the fraction containing proteins with molecular 
weights greater than 30,000. The GI activity which was found in this 
22 
Table Lt. Carbohydrate concentration, protein values, dry matter 
recovered, and trypsin inhibitory activity on various 
fractions. 
Fractionl Carbohydrate 2 Protein 
(%) (%) 
pH 4.4-S 6.0 ·is.25 
G-25 - I 1.5 84.3 5 
G-50 ·- Ia 1.0 30.46 
G-50 - Ib 1.4 86.76 
G-25 - II 8.0 
G-25 - IIa 6.3 
G-25 - IIb <O.l 
Soybean Trypsin Inhibitor Sx 
1see text for description of fractions. 
2netermined by Badin's method (3). 
3Amount recovered from 100 g RSBM. 
4Based on Hummel's procedure (29). 
5Kjeldahl nitrogen X 6.25. 
6netermined by Wadell's method (68). 
4.85 
1.06 
8.36 
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Figure 3. Elution pattern of G-25 - I on SephadPx G-50 column. Column dimensions: · 4 X 114 cm. 
Sample: 0.5g dissolved in 100 ml distilled water•. Eluting buffer: distilled water. Flow rate: 
17 ml/min. O.D. at 280 nm(--), trypsin .inhibitor activity (- - -). 
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Table 5. Growth inhib.itor and pancreas enl~rgement activities. 
Test :fract-ion1 
HRSBM (2)4 
½ HRSBM - ½ RSBMS (2) 
pH 4.4-S (2) 
Autoclaved pH 4.4-S (1) 
G-25 - I (2) 
G-50 - Ia (2) 
G-50 - Ib (2) 
G-25 - II (2) 
Autoclaved G-25 II (1) 
Phosphocellulose Ila ( 1) 
Phosphocellulose - IIb (1) 
Soybean Trypsin Inhibitor 5x6 
lsee footnote 1, table 1. 
· ·Growth 
' TA 
(units) 
46 
42 
47 
31 
20 
28 
28 
20 
24 
54 
28 
· Irihibitor2 
SA 
(units_/g) 
9"2 
210 
235 
962 
1455 
1015 
€2.6 
500 
706 
2700 
2075 
Relative3 
Pancreas 
·size 
(%) 
100 
151 
140 
107 
129 
117 
147 
2.14 
125 
118 
115 
139 
2Growth inhibitor activity was expressed as total activity (TA) 
and specific activity (SA). 
3Pancreas wt. as% body wt. on test diet 
Pancreas wt. as% body wt. on HRSBM X lOO. 
4 ( ) indicates number of times diet was in a mouse growth assay. 
5see footnote 4, table 1. 
6see footnote 5, table 2. 
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fraction may be due to hemagglutinins or possibly some other large 
proteins. 
25 
GI and pancreas enlargement activities of fraction G-50 - Ib were 
almost identical to the GI and pancreas enlargement activities of 
crys.talline SBTt (Tables 3 and 5). Pancr·eatic sizes on G-50 - Ib of 
0.70 and 0.68% of body weight were significantly larger (P<0.05) than on 
the HRSBM. SBTI had a higher specific activity (SA) than G-50 - Ib, 
2075 GI units/gas compared to 1015 GI units/g (Table 5), possibly 
. indicating there is not a perfect correlation between GI activity and 
TI activity, nor between pancreas enlargement activity and TI activity. 
Separation on Phosphocellulose 
G-25 - II was separated into 2 fractions using a phosphocellulose 
column and eluting with an increasing KCl gradient • . The elution pattern 
is illustrated in Figure 4. Two peptide peaks eluted off the column, 
one initially with the starting buffer (dH2O) and the second upon 
starting the KCl gradient. In the column run which was monitored for 
carbohydrate, appreciable quantities of carbohydrate were found 
associated with each peptide peak. However, later carbohydrate aijd 
quantitative observations indicate virtually all the carbohydrate 
present in G-25 - II was concentrated in phosphocellulose - !Ia (PC - IIa) 
and little or none in phosphocellulose - IIb (PC - IIb). 
Mice fed PC - IIb gained significantly less (P<0.05) than mice fed 
HRSBM. PC - !Ia also slightly reduced weight gains; however, since 
there was only a slight increase in SA relative to the SA of G-25 - II, 
this inhibitor is probably of less importance than the inhibitor(s) 
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•Figure 4. Elution pattern of G-25 - II on a phosphocellulose column. Column dimensions: 4 X 54 cm. 
Sample: l.0g dissolved in 100 ml distilled water. Eluting buf fer: KCl gradient (0.4, .11, .21 M KCl). 
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present in PC - IIb. More research· is needed to more accurately 
quantitate the GI activity in these two fractions of G-25 - II. 
Amino acid analysis was attempted ~n G-.25 - II, PC - IIa and 
PC - IIb with results available only for the G-25 - II fraction. 
Desalting . PC - IIa and PC - IIb with NH40H on the Bio-Gel P-2 column 
incorporated large amounts of ammonia into each fraction which were 
not completely removed by lyophilization. Other impurities in both 
phosphocellulose frac~ions also caused problems in determining amino 
acid content. 
27 
Results of the amino acid analysis on the G-25 - II are in Table 6. 
All amino acids were present with small amounts of the sulfur-containing 
amino acids. Only a trace of half cystine and a small amount of 
methionine were present. The low amount of sulfur-containing amino 
acids in G-25 - II substantiates that this is structurally different 
from trypsin inhibitors. Those trypsin inhibitors on which amino acid 
analyses have been conducted contain high levels of the sulfur amino 
acids, especially cystine (5). 
Konijn et al. (35) recently isolated a thyroid active fraction from 
raw soybeans _which has estimated molecular weight of 4,000 to 5,000. 
This was also separated on a Sephadex G-25 column. Tidemann (66) 
estimated the molecular weight of G-25 - II to be about 1200 MW by · 
calibrating a Sephadex G-25 column using compounds of known molecular 
weight. Compounds with a molecular weight of 4,000 to 5,000 would be 
eluted off the Sephadex G-25 column on the right side of peak I. On 
some column runs a small peak has appeared after the peak I. This small 
peak was combined with peak I and lyophilized to form fraction G-25 - I. 
Table 6. Amino acid analysis of G-25 II. 1 
. Amino Acid Micromoles 
Lysine .151 
·Hi stidine .035 
Arginine .066 
Aspartic acid 
Threonine 
Serine 
Glutamic Acid 
Proline 
Glycine 
Alanine 
Half-Cystine 
Valine 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
·Phenylalanine 
.210 
.070 
.071 
.202 
.079 
.119 
.096 
trace 
.067 
.023 
.os4· 
.085 
.025 
.048 
150 mg hydrolyzed G-25 - II in 10 ml buffer. 
3 ml applied to amino acid analyzer. 
28 
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Konijn et al. did not report we_i.ght_ ·gains. and this research did not 
analyze the thyroid acti.vi.ty- of mice.. This .author ·knowa of no .evidence 
in literature to indi.cate growth inhibi.ti.:on · is: caus.ed · by· antithyroid 
compounds from · soyneans:. 
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.·SUMMARY 
Ion · exclusion· chromat:ography· was employed· to further purify· and 
separate_ gro~-th. inhlnitor(s·) present in both G--25 - I and G-25 - II 
fractions isolated from raw soybean meal. Sephadex G--50 was used to 
separate the large molecular we_ight proteins- (G-25 - I} into 2 fractions 
(G-50 - Ia and G-50 -· rn). Fraction G--50 - I~ contained some_ growth 
inhibitor activity which may be attributed to hemagglutinins or protein-
aceous material of greater than 30,000 molecular wt. Most of the growth 
inhibition was in G-50 - Ib. Trypsin inhibitor activity and pancreatic 
enlargement factors were also present in G-50 - Ib. The growth 
inhibition may be due to trypsin inhibitors, but other proteinaceous 
material is also present and may cause growth inhibition. 
Fraction G-25 - II was separated into 2 fractions (PC - IIa, PC - IIh) 
on a phosphocellulose column. Both fractions contained GI activity, 
however, mice on PC - IIb gained significantly less (P<0.05) than HRSBM. 
Attempts to identify this material by means of amino acid analysis 
failed. · The 2 fractions are not pure and both contained ammonia from 
the desalting process. Other methods of separation are necessary to 
further purify G-25 - II. 
31 
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Appendix Table I. Analysis of variance of .mouse average daily 
weight · gains. 
A. Mouse Growth Assay No. 1. 
Source d.f. S.S. . M~ S~ . F 
Total 71 5.6624 0.0798 
Cages 17 2. 7744 0.1632 3. 0516~':~':~': 
Treatment 8 2.5320 0.3165 5. 9181~·:~h': 
Cages/treatment 9 0.-2424 0.0293 0.5479 
Error 54 2.8880 0.0535 
':t': significant 0.05 .•..•. 
jf~ "'" significant o. 01 
-1:':t':~·: significant 0.005 
B. Mouse Growth Assay No . 2. 
Source d.f. S.S. M.S . 
Total 79 10.3576 • 1311 
Cages 19 5.8058 .3056 4. 0316~Hd: 
Treatment 9 3.6542 .4060 5. 3 5 6 2~·:~'d: 
Cages/treatment 10 2.1516 .2152 2. 839 ~·:~·: 
Error 60 4.551.8 • 0758 
* significant 0.05 ,·~* significant 0.01 
i•·'··'· -.n.,~ significant 0.005 
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Appendix . Tc;1ble II. Analysis of vari:3.nce of pancreas size as % of 
body weight. 
A. Mouse Growth Assay No. 1. 
. .. .. . ······ 
Source d.f~ s s . . M. S • . T 
Total 71 1.0879 0.0153 
Cage 17 0.6998 0.0412 4. 9650~hh': 
Treatment 8 0.6400 0.0800 9. 6502~H:~': 
Cages/treatment 9 0.0598 0.0066 .7702 
Error 54 0.4479 0.0083 
r;': significant 0.05 ., .. ,. 
4 .. -~ significant 0.01 
';':,·:~': significant 0.005 
B •.. Mouse Growth -Assay -No. 2 • . 
Source d.f. S.S. M S • . F 
Total 79 8.9714 0.1135 
Cage 19 8.4128 0.4427 4 7. 602P':~h': 
Treatment 9 8.2826 0.9202 98. 948 ~H:~': 
Cages/treatment 10 0.1302 0.0130 1.4 
Error 60 0.5586 • 0093 
,': significant 0.05 
,•:,': significant 0.01 
,~1:,•, significant 0.005 
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Appendix Table III. Summary of other ion exchange columns. All columns 
were 1.9 X 21.6 cm. 0.1 g of G-25 II - III was 
applied to each column. 
Resin Buffer Remarks 
Dowex sow - X4 ·L 5 N HCl one peak 
Dowex sow - 8 HCl gradient one peak 
(dH2O, .25, . 5' .75, 1.0, 1.5 N) 
Dowex - 1 X 10 HCl gradient one peak 
(dH2O, .25, .5, 175, 1.0, 1. 5 N) 
Dowex - 1 X 10 NaCl NaOH colors 
(0.l, .2s, · .s, 1.0 N NaOH, dH2O) column N from 
yellow to· 
dark brown 
Cellex - D NaCl one peak 
(dH2O, 0.25, 0.5, 1.0, 1.5 N) 
Sephadex G-10 dH2O one peak 
very slow 
Cellex - PAB dH2O one peak 
